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Oral contraceptives such as norgestimate—ethinyl estradiol (Ortho
Tri-Cyclen®) are commonly prescribed in the HIV-infected patient
population. A placebo-controlled, randomized, two-period crossover
study in healthy HIV-seronegative subjects was conducted to assess
the effect of raltegravir on the pharmacokinetics of the estrogen and
progestin components of norgestimate—ethinyl estradiol [ethinyl
estradiol (EE) and norelgestromin (NGMN), an active metabolite of

In each of two periods, nineteen healthy women established on
norgestimate—ethinyl estradiol contraception (21 days of active
contraception; 7 days of placebo) received either 400 mg raltegravir or
matching placebo twice daily on days 1-21. Pharmacokinetics were
analysed on day 21 of each period.

The geometric mean ratio (GMR) and 90% confidence interval (Cl) for
the EE component of norgestimate-ethinyl estradiol when
co-administrated with raltegravir relative to EE alone was 0.98
(0.93-1.04) for the area under the concentration-time curve from 0 to
24 h (AUCo-241) and 1.06 (0.98-1.14) for the maximum concentration of
drug in the plasma (Gnax); the GMR (90% Cl) for the NGMN component
of norgestimate—-ethinyl estradiol when co-administered with
raltegravir relative to NGMN alone was 1.14 (1.08-1.21) for AUCo_241
and 1.29 (1.23-1.37) for Cnax. There were no discontinuations due to a
study drug-related adverse experience, nor any serious clinical or
laboratory adverse experience.

Raltegravir has no clinically important effect on EE or NGMN
pharmacokinetics. Co-administration of raltegravir and an oral
contraceptive containing EE and NGT was generally well tolerated; no
dose adjustment is required for oral contraceptives containing EE and

NGT when co-administered with raltegravir.
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Introduction

Raltegravir (ISENTRESS®, Merck & Co., Inc., Whitehouse
Station, NJ, USA) is an HIV-1 integrase strand transfer
inhibitor for use in treatment-experienced and treatment-
naive HIV-1-infected individuals, including women of
child-bearing potential [1]. Oral contraceptive (OC) use in
HIV-infected women is widespread [2]. Given the likeli-
hood of co-administration, a clinical drug interaction study
of raltegravir and a triphasic OC was conducted in healthy
women.

As a widely prescribed combination OC, norgestimate-
ethinyl estradiol (NGT/EE; Ortho Tri-Cyclen®, Ortho-McNeil
Pharmaceutical, Inc., Raritan, NJ, USA) was selected for
investigation. EE undergoes extensive first-pass metabo-
lism through sulfation and to a lesser extent by oxidation
and glucuronidation [3]. In the systemic circulation, EE is
largely metabolized through oxidative metabolism cataly-
sed by cytochrome P450 (CYP) 3A [4]. NGT is rapidly
metabolized to several metabolites, including norel-
gestromin (NGMN), the main contributor to progestin
activity [5].

Raltegravir is not a known inducer or inhibitor of major
CYP isoforms and other drug-metabolizing enzymes and is
not metabolized through CYP-mediated oxidation [1].
Thus, raltegravir was not expected to influence the phar-
macokinetics of either EE or NGMN. This study evaluated
the safety and tolerability of co-administered raltegravir
and NGT/EE, and the effect of raltegravir on the pharma-
cokinetics of EE and NGMN.

Methods

Healthy nonpregnant, non-obese, female subjects (18-45
years old) who were receiving either Ortho Tri-Cyclen® or
the generic equivalent were eligible. Subjects were
required to use barrier contraceptive methods during the
study. All subjects provided written informed consent to
participate in the study.The protocol was approved by the
institutional review board of the study centre (IntegReview
Ethical Review Board). The protocol was conducted in
accordance with the guidelines on good clinical practice
and with ethical standards for human experimentation
established by the Declaration of Helsinki.

In a randomized crossover fashion in two 28 day treat-
ment periods, subjects received NGT/EE daily with 400 mg
raltegravir or matching placebo tablet every 12 h on days
1-21 as follows: phase | (days 1-7), EE 0.035 mg, NGT
0.180 mg; phase Il (days 8-14), EE 0.035 mg, NGT 0.215 mg;
and phase Il (days 15-21), EE 0.035 mg, NGT 0.25 mg. The
placebo component of NGT/EE was administered on days
22-28. Day 21 treatment was administered in the fasted
state. Due to an error, no evening raltegravir dose was
given on day 21 of period 1 or 2. The implications of this
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omission are discussed below. Raltegravir or matching
placebo was administered in a blinded manner.

Analytical and pharmacokinetic measurements
Both EE and NGMN were assessed predose and on day 21
predose and at 0.5,1, 1.5, 2, 3,4,6,8,12 and 24 h postdose.
Samples were analysed by Pharmaceutical Product Devel-
opment, Inc. (Richmond, VA, USA) as previously reported
[6].

The area under the concentration-time curve from 0 to
24 h (AUCo-»41) was calculated using the linear trapezoidal
method for ascending concentrations and the log trap-
ezoidal method for descending concentrations. Values for
the maximum concentration of drug in the plasma (Ciax)
and time to reach Cyax (Tmax) Were obtained by inspection.

Statistical methods

The AUC and GCnax values were natural-log-transformed
before analysis. Exponentiation was performed on the
means (mean differences) and lower and upper limits of
these confidence intervals prior to reporting. Statistical
analyses were conducted using SAS version 8 (SAS Insti-
tute Inc., Cary, NC, USA). With the exception of Ty, all con-
fidence intervals were based on the least-squares means
and variance components arising from a linear mixed-
effect model appropriate for a two-period crossover
design, with fixed effect terms for sequence, period and
treatment and a random effect term for subject-within-
sequence.

As appropriate, 90% confidence interval was con-
structed for geometric mean ratios (GMR; with raltegravir/
without raltegravir). For Trax, the Hodges-Lehman estimate
of the median difference (with raltegravir minus without
raltegravir) was computed, as were the corresponding 90%
confidence intervals.

Results

Twenty female subjects were enrolled with a mean weight
of 66.9 kg (range, 51.2-89.2 kg) and a mean age of 27.3
years (range, 18-38 years). Eighteen of the 20 enrolled sub-
jects were Caucasian and two were Hispanic.

Nineteen subjects completed the study per protocol.
One subject withdrew consent following a clinical adverse
experience of otitis media, considered not related to either
study drug, and withdrew from the study. The pharmaco-
kinetic data for this subject were incomplete and were not
included in the final pharmacokinetic analysis. Safety data
up to discontinuation were recorded in the final safety
analysis.

The EE and NGMN plasma concentration-time profiles
are shown in Figure 1A,B, respectively. The model-based
geometric means of EE and NGMN are provided in Table 1.

The evening dose of raltegravir on day 21 of both
periods was erroneously omitted.To evaluate the full effect

Br | Clin Pharmacol / 71:4 / 617



BJCP M. S. Anderson et al.

"Ol}J UBAW D1U}BWO036 "YND ‘UBaW dLIBW036 ‘D ‘[eAIB}UI SOUBPIUOD ‘| XPW/ J0f patiodal UORRWIISS UURWYST-S9BPOH WOI) [EAIS}UI DUBPIHUOD PUR 3DUBISHIP UBIPIING *eW/ 10}
papIAcId (WNWIXBW ‘WNWIUIW) UBIP3JAE "BUO 0} [BNba SI YIAID anu} 3y} 1ey} sisaylodAy ay) 4o} an|eA-4 4 "SaN|eA PauLIojsues}-boj-[einieu sy} Uo pauliogad [9pow paxiw au} WOl 91ewiisa salenbs-1sea| wolj painduwiod ueaw dLIBW039)

- (000 03 00°L-) ST 0~ (00'9-00'1) 00'L (002050 00'L 6l §(y) **L
1000°0> (Le'L-€T°1) 671 (07 oLz 8790 we 6l (,-1w Bu) xewr
€000°0 (zz'1-60'1) 9Ll (6'L1-8°01) 9€'LL (8'€L-szl) vLEL 6l (1-lw y Bu) Yz-0ny
11000 (lz'1-80'1L) il (6'£1-T9l) S0'LL (5'0z-5'81) 1561 6l (i-lw y bu) Yrz0yny

(NIWDN) uiwoxnsabjaioN

- (00°L 0} 05°0-) 000 (0S°1-00°1) 00'L (00°Z-00°1) 00°'L 6l §(y) ¥
LSET0 (71'1-86'0) 90'L (e'sv1-9'22L) €L'9€L (€€SL-9'pEL) €9°EVL 6l (1w 6d) xeuy
7€E9'0 (¥0'L-¥6'0) 660 (S'978-0'8LL) G518 (0°'5€8-7'£92) L¥'008 6l (1-lw y 6d) Hz-3ny
€V85°0 (¥0°'L-€6'0) 860 (6'7lzl-0L0LL) L£°8SLL (€761 1-7'8801) OL'6ELL 6l (1-1w y bd) 4¥2-03ny

(33) |01peS? |Aulyi3

Janjend ueaw >11}awWoab Joy ones ueaw ueaw >L13awWosb Joy sueaw ueaw >1139woab Joy xueaw Jorowesed
|EAISIUL DDUBPIIUOD %06 J11)8Wo09n |EAIS1UI DDUBPHUOD %S6 bIIETNLET) |eAIS1UI DDUBPIIUOD %G6 J11)9Wo090 J12unjodeWIRYd

ogade|d + UaPPAD-LIL OYLIQ/ diIAeiBaYjel + gUSPAD-1IL OYLIO ogade|d + guapAd-1L 0y Jineib3}el + gUaPAD-LIL Oy

uswom Ayyjeay o1 Ajiep
921M} JiAeIBR) eI Bw 0¥ JO SOSOP 31dI}NW INOYUM IO YHM oUI[IAD-14] OYHQ JO Ssop 3|di}nw o uojielisiuiwpe buimoljos sonaupjodewseyd ewsejd ujwoisabjaiou pue [oipesisd |Aulyia jo uospedwod)

L 3qeL

s o= Ly > © .t VUV CoCc b s U xc Lo wn
~ . 2 o3 TEEFcFE CO0UVUOCETYZzZO@mECE
pus ~ g® > § = > c 2 S v 4O pd
SETS S 80X Es5 58083
SZs3s VI Uug 3L T UnmrMU
£gzgo0 08LEuS oy LT
o o mmgb\.lu %) Hmn—/t S5 s =0 >
E E s28%a U o5~ D oOcC o5
~ ~ S c e = o v < 9
2w ©® © tnernwle.m mr.laro
SosEL gc 5388882882
R i o T o = U S o O 7] jo]
L oy EZ2EEECcTCODEYCT
1% 1% 2sEL o O~ S 0026 ,8289=5
- - =) (7] c o O X o £ w e —= 00X
22 z= mnmwemsﬁ.wm.lpme
~ ~ aMMMR rawa.wpumowe@hprm
< < <3 5% + SR o) B =R © W = cE €
~ ~ = g0 @ C c c pasmgmew v
19 18 0 S oEfs S E23L28-9952 00592
, £ L £ 52323 z5858Y 2 EREER S
s 8 = n i ss -2 E£X MObMUUhartnrre
= 236 VY GEesrc<Tanls gL Oc
U= o = hveoe1p0mcswt
=LE - F Z5 8T O = = O O C &
1 e H e Z S o CHFG_<£ v EUQD £ .=
= = - & T 9 B4 L = 7] = S n
sV >=% cO0Q0S P FEF PO ET O
U XS alrtoooeae c T =Y
© © c O v} ] [} (o) e
< © o . w © v c hoae
£ € u H >332 0 >5cow a 9]
Scyutgd C s oc ke ochkH 2z 5
ER: 4 80298~ nehntrgtt.%Ma:@
5 —~06 2 & o E ro.mOdNr .
c - ST vwo TS a = O
8§ n022< .W.mJMafmuemMmN.nM
— EZR5ES 2ES8 8 58E2 g3
L L L 1 I3 o L I ! < o emmﬁmmw gswomewﬂa c S cOD
o © © © © o o o o ) n o n o 1 -} = T oo Se EO1NSmVSXdaaO.m
¥ ¥ 4 © © v ¥ A o N N - - = = Ummw,wlon mdzemd:m_umncw%E.mm
Y8 EEL L v w o O = e 3
(,_jw 8d) uonyesyuasuod ewse|d 33 e (,_jw 8u) uonyesyusduod ewseld NWON - ERETETY - < ™= Vog oy B = .
! ! e <8280 OCNTESEESESEOocwow C80Q E

618 |/ 71:4 / Br] Clin Pharmacol



shown inTable 1.As T for EE and NGMN occurred prior to
12 h postdose, the analysis for Cmax was unaffected by the
interval used.

Raltegravir dosed in combination with NGT/EE was
generally well tolerated. No serious clinical or serious labo-
ratory adverse experiences were reported. One subject
withdrew consent due to a clinical adverse experience
judged as unrelated to the study drug. Six of the 20 sub-
jects enrolled reported eight nonserious clinical adverse
experiences, one of which (nausea) was determined by the
investigator as possibly drug related. All clinical adverse
experiences reported were generally transient and rated as
mild or moderate in intensity. No laboratory adverse expe-
riences were reported.

Discussion

These data indicate that multiple dose administration of
raltegravir has no clinically meaningful effect on the phar-
macokinetics of either the estrogen or the progestin
components of Ortho Tri-Cyclen®. The parameters for EE
(AUCo24n and Crax) were essentially unchanged, while the
AUCo,4n of NGMN was increased only marginally (14%).
The NGMN GCnax increased by 29%. Given these minimal
changes under an OC regimen bearing 0.035 mg EE, users
of low-dose estrogenic monophasic OCs containing
0.015-0.020 mg of estrogen should likewise be unaffected.

The biological basis for the modest difference in Cray is
currently unknown, but could potentially stem from a dif-
ference in the rate of absorption of the precursor, NGT, or
from a small difference in the metabolic conversion of NGT
to NGMN. A recent study to examine the frequency of
reported symptoms by oral contraceptive pill composition
among French women revealed that with the exception of
a lower frequency of back pain during menstrual periods,
of the several EE plus progestin regimens available, there
was no difference in reported symptoms according to the
sequence of administration (monophasic, biphasic or
triphasic) [7]. Likewise, there were very few differences in
reported symptoms by women using the same estrogen
dosage with different types of progestin components in
third-generation OC pills [7]. This implies that a range of
progestin pharmacokinetic profiles over a contraceptive
cycle results in virtually no change in safety profiles. Addi-
tionally, pharmacokinetic studies were conducted for
NGMN administered transdermally across varying ana-
tomical sites [8]. Exposure and Cy.x Variations were seen
with an increase of up to approximately 30% relative to the
control site. This variation was not deemed clinically rel-
evant, with the basis of clinical relevance defined by a
target steady-state concentration reference range. Thus, it
is likely that the approximately 30% elevation in NGMN
Cimax is of minor relevance with regard to safety and efficacy
margins for NGMN and contributes an insignificant change
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to NGMN exposures overall as evidenced by the lack of a
clinically meaningful change in the associated pharmaco-
kinetic parameter, AUC.

The results of this study indicate that it is highly unlikely
that co-administration of NGT/EE with raltegravir will alter
the effectiveness of NGT/EE as a contraceptive. Addition-
ally, the combination of raltegravir with EE and NGMN has
a favourable safety profile. Thus, the combined safety and
pharmacokinetic data support the co-administration of
raltegravir with triphasic oral contraceptives without dose
adjustment.
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